Clostridium difficile is a potentially lethal gut pathogen that causes nosocomial and community acquired 23 
Van Eijk, Boekhoud et al 7 regulated genes are shown in Table 2 (HPura) and Table 3 (ACX-362E ). Here, we highlight three aspects 140 of the results. 141
First, we performed a Gene Set Enrichment Analysis (GSEA)(33) via the Genome2D web server 142 (34) using the locus tags of the differentially regulated genes (Supplementary Table 1 ) as input. Among 143 the genes up-regulated by ACX-362E, there is a strong overrepresentation of those involved in 144 translation, ribosome structure and ribosome biogenesis. Not unexpectedly, also replication, 145 recombination and repair processes are affected. This suggests that genes from these pathways show a 146 coordinated response in the presence of ACX-362E. Among the genes down-regulated in the presence of 147 ACX-362E, the levels of significance for specific processes are generally much lower, suggesting that 148 there is a more heterogeneous response among genes from the same pathway. Nevertheless, metabolic 149 pathways (especially carbon metabolism and coenzyme A transfer) and tellurite resistance were found 150 to be significantly affected. Strikingly, a GSEA analysis on lists of genes that are differentially expressed 151 in the presence of HPUra revealed similar processes to be affected. 152
The findings from the GSEA analysis prompted us to evaluate the overlap in the lists of 153 differentially regulated genes between the ACX-362E and HPUra datasets in more detail. If both 154 compounds act via a similar mechanism, we expect a conserved response. Indeed, we observe that 155 >90% of the genes that are up-regulated in the presence of HPUra compared to the non-treated 156 condition, are also identified as up-regulated in the presence of ACX-362E ( Figure 3A) . Though the 157 overlap is not as strong for the down-regulated genes, we find that >30% of the genes affected by HPUra 158 are also identified as affected by ACX-362E ( Figure 3B) . Notably, the directionality of the response is 159 conserved, as no genes were found to be up-regulated in one but down-regulated in the other 160 condition. Based on these observations, we believe that the differentially expressed genes identified in 161 this study are representative for a typical response to inhibition of PolC in C. difficile. 162
Van Eijk, Boekhoud et al 8 Finally, we related the changes in transcription to genome location. C. difficile has a single 163 circular chromosome and one origin of replication (oriC) from which the process of DNA replication 164 occurs bi-directionally towards the terminus (terC) ( Figure 4A ). Though neither oriC nor terC has been 165 definitively defined for C. difficile, it is assumed that oriC is located at or near dnaA (CD0001; 166 CD630DERM_RS00005). The terminus region is generally located at the inflection point of a GC skew ([G 167 -C]/[G + C]) plot. Such a plot places the terC region around 2.2Mb from CD0001, near the CD1931 168
(CD630DERM_RS10465) open reading frame ( Figure 4A ) (35) . We noted that the differential expression 169 appeared to correlate with genome location ( Table 2, Table 3 and Supplemental Table 2 ): many of the 170 up-regulated genes have either low or high gene identifiers (CD numbers) indicative of an origin 171 proximal location and, conversely, many of the down-regulated genes appear to be located away from 172 oriC. Though this correlation is not absolute, we observed a clear trend when plotting the mean fold-173 change against genome location for all genes ( Figure 4B) . 174 Overall, our data shows that inhibition of DNA replication by PolC-inhibitors causes a consistent 175 and pleiotropic transcriptional response that is at least in part is directly dictated by genome location. 176
177

Gene dosage shift occurs at sub-inhibitory concentration of ACX-362E PolC-inhibitor 178
A possible explanation for the relative up-regulation of oriC-proximal genes and down-regulation of 179 terC-proximal genes is a gene dosage shift (36-38), due to the fact that PolC-inhibition slows down 180 replication elongation but does not prevent re-initiation of DNA replication (23, 39). To determine if this 181 in fact occurs in C. difficile when replication elongation is inhibited, we performed a marker frequency 182 analysis (MFA) to determine the relative abundance of an origin proximal gene relative to terminus 183 proximal gene on chromosomal DNA isolated from treated and untreated cells. 184
We designed qPCR probes against the CD0001 and CD1931 regions, representing oriC and terC, 185 respectively (31, 35) . Using these probes, we could show that C. difficile demonstrates multi-fork 186
Van Eijk, Boekhoud et al 9 replication in exponential growth phase and that the MFA assay detects the expected decrease in 187 oriC:terC ratio when cells enter stationary growth phase (data not shown). Next, we analyzed the effects 188 of PolC-inhibitors on the oriC:terC ratio. When cells were treated with HPUra (35 μg/mL), the MFA 189 showed a modest increase in oriC:terC ratio of 2,6-fold compared to untreated cells. However, when 190 cells were treated with ACX-362E (4 µg/ml), the MFA showed a >8-fold increase in the oriC:terC ratio 191 compared to untreated cells. In contrast, such an increase was not observed for cells treated with 192 metronidazole (0.25 ug/mL; a DNA damaging agent), fidaxomicin (0.00125 ug/mL; an RNA polymerase 193 inhibitor) or surotomycin (0.625 ug/mL; a cell-wall synthesis inhibitor) (Figure 5 ) or chloramphenicol (2 194 μg/mL; a protein synthesis inhibitor)(Supplemental Figure 2) . 195 We conclude that inhibition of PolC-activity, but not the actions of any of the other tested 196 antimicrobials, leads to a gene dosage shift in C. difficile. 197 198 Origin proximal sigB contributes to the transcriptional response 199 Elegant work in S. pneumoniae has shown that the transcriptional response to replication inhibition can 200 also be affected by origin-proximal regulators that respond to the gene dosage effect (23). In C. difficile 201 the gene encoding the general stress response sigma factor σ B (sigB, CD0011) is located close to the 202 origin of replication (40). We wondered whether this regulator contributes to the transcriptional effects 203 observed in our studies. 204
First, we compared the list of differentially regulated genes from our study (Supplemental Table  205 2) to those under the control of σ B (41). In contrast to most anaerobic gram-positive organisms, C. 206 difficile encodes a homolog of the general stress response sigma factor, σ B (40, 42) . A transcriptome 207 analysis comparing sigB mutant versus wild type cells was recently published (41). Strikingly, we find 208 ~40% of the genes (21/58) identified as involved in stress response under the control of σ B to be 209 differentially expressed in our ACX-362E dataset (Supplemental Table 3 ). Similarly, we observed that 210
Van Eijk, Boekhoud et al 10 7/20 (~35%) of the genes containing a transcriptional start site with a σ B consensus sequence are 211 differentially expressed in our ACX-362E dataset (Supplemental Table 3 ). These data suggest that the 212 response to DNA replication inhibition is at least partially dependent on σ B . 213
To demonstrate that exposure to ACX-362E causes a transient up-regulation of sigB, we 214 constructed a reporter fusion of the secreted luciferase reporter sLuc opt with the predicted promoter of 215 the sigB operon (Pcd0007). We monitored luciferase activity of a strain harboring a plasmid containing this 216 reporter fusion (WKS2003) after dilution of an overnight culture into fresh medium with or without ACX-217 362E (Figure 6 ). In non-treated cells, expression from the sigB promoter is relatively stable over the 218 course of 5.5h. By contrast, luciferase activity strongly increases from 1.25h to 3h after inoculation into 219 medium with ACX-362E. These data show that exposure to ACX-362E transiently induces transcription of 220 the sigB operon. 221
Next, a sigB mutant was constructed using Allele-Coupled Exchange (43) as described in the 222 Materials and Methods. The chromosomal deletion of sigB and absence of σ B protein was verified by 223 PCR and Western Blot, respectively (Supplemental Figure 3) . To directly demonstrate a role for sigB in 224 the regulation of genes with altered transcription upon PolC-inhibition, we fused the predicted 225 promoter regions of selected genes to a secreted luciferase reporter (44) and evaluated luminescence in 226 wild type and sigB mutant backgrounds, after 5-hour growth in the presence and absence of 4 µg/mL 227 ACX-362E. All genes tested demonstrated a significant increase in promoter activity in a wild type 228 background in the presence of ACX-362E compared to the non-treated control, validating the results 229 from the RNA-Seq analysis (Figure 7) . Three distinct patterns were observed. For CD0350 (encoding a 230 hypothetical protein) and CD3963 (encoding a putative peptidoglycan-binding exported protein) there 231 was virtually no expression in a sigB mutant background ( Figure 7A and B) . We conclude that these 232 genes are strictly dependent on σ B for their expression under the conditions tested. CD3614 (encoding a 233 hypothetical protein) shows a basal level of expression, but no significant increase in transcription levels 234 Van Eijk, Boekhoud et al 11 in the presence of ACX-362E in a sigB mutant background compared to the non-treated control (Figure  235 6C). This suggests that the transcriptional up-regulation under these conditions is σ B dependent, and 236
indicates that the basal level of transcription observed is likely independent of σ B . Finally, CD3412 (uvrB, 237 encoding a subunit of an excinuclease) shows reduced transcriptional up-regulation in ACX-362E treated 238 cells compared to non-treated controls ( Figure 6D) . Thus, the transcription of this particular gene under 239 conditions of ACX-362E exposure is brought about by both a σ B -dependent and a σ B -independent 240 regulatory pathway. 241
Together, these results demonstrate that sigB controls the expression of at least a subset of 242 genes that are up-regulated under PolC-inhibition 243
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Discussion 244 245
Resistance to PolC-inhibitors and specificity of Limited treatment options and reports of reduced susceptibility to current treatment (11, 12, 45) 247 emphasize the necessity for the development of novel antimicrobials. As CDI can be induced by use of 248 broad spectrum antibiotics (7), new antimicrobials ideally should only target C. difficile, thereby 249 maintaining integrity of the colonic microbiota. In this study, we have tested inhibitors HPUra and ACX-250 it has not been established that PolC inhibition is the sole mode of action of the inhibitors. In our 280 experiments, we found that S. aureus was sensitive to both HPUra and ACX-362E and even more so than 281
C. difficile. It should be established if this is due to inhibition of PolC or mediated by an alternative 282 mechanism. If ACX-362E targets DNA replication in S. aureus, we would also expect to find an increase in 283 oriC:terC ratio upon ACX-362E exposure in this organism.ACX-362EACX-362E Alternatively, ACX-362E 284 may also affect the activity of the other PolIII-type polymerase, DnaE, in S. aureus. PolIII-inhibitors can 285 affect PolC, DnaE or both (51), though in vivo activity appears to correlate with PolC-inhibition. Both C. 286 difficile and S. aureus possess PolC and DnaE polymerase, but the DnaE enzymes are of different families 287 (DnaE1 in C. difficile and DnaE3 in S. aureus) (52). To verify the mode of action, and whether a ACX-288 362Edifferent DnaE-type polymerases explain the increased sensitivity of S. aureus compared to C. 289 difficile, the activity of ACX-362E towards purified DnaE and PolC from both organisms should be 290 determined.. 291
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Though it is clear that ACX-362E inhibits C. difficile efficiently and shows limited activity towards 292 certain other anaerobes (19), these findings highlight the necessity to perform additional (microbiome) 293 studies to more clearly define the antimicrobial spectrum of this compound. It also shows that ACX-362E 294 may have therapeutic potential outside treatment of CDI. 295
296
Regulators of the transcriptional response to PolC-inhibitors 297
The present study is the first to describe the transcriptional response of C. difficile to inhibition of DNA 298 replication. We find that ~200 genes show differential expression under conditions of PolC-inhibition by 299 both HPUra and ACX-362E, when compared to non-treated cells (Supplemental Table 2 altered transcription. We demonstrate that this large reprogramming of transcription is likely to be 302 caused directly by a gene dosage shift (Figure 4 and 5) . 303
In addition to direct effects, it is conceivable that at least part of the transcriptional response is 304 indirect. Our list of differentially regulated genes includes several putative regulators; sigma factors 305 (including sigE, sigG and sigH), transcription factors and anti-terminators. The relatively long time (5h) at 306 sub-MIC levels of antimicrobials may have contributed to secondary effects, through one or more of 307 these regulators. Though shorter induction times are thought to provoke more compound-specific 308 responses (53), we did observed a highly consistent transcriptional signature with both HPura and ACX-309 362E (Supplemental Table 2 , Figure 3) . 310
Major stress response pathways are poorly characterized in C. difficile. On the basis of 311 experiments in other organisms (21-23, 54-56), we expect that inhibition of DNA replication inhibition 312 might possibly induce an SOS response (LexA)(57), a DnaA-dependent transcriptional response (21), and 313 possibly a heat shock response (HrcA/CtsR)(58) and/or a general stress response (σ B )(42). Of these, the 314 best characterized stress response pathway in C. difficile is the one governed by σ B (41). We noted a 315
Van Eijk, Boekhoud et al 15 significant overlap in putatively σ B -dependent genes and those differentially expressed upon exposure 316 to PolC-inhibitors (Supplemental Table 2 ). In addition, our luciferase reporter fusions directly implicate 317 sigB in the expression and/or up-regulation of some of these (Figure 7) . It should be noted that the sigB-318 operon itself was not differentially expressed in our RNA-seq analysis. A sigB-reporter fusion suggests 319 that sigB is transiently up-regulated prior to the time point of sampling for the RNA-Seq analysis (Figure  320 6). Similar transient up-regulation of sigB followed by a persistent response of σ B -dependent gene 321 expression has been observed in other organisms (58-60). To our knowledge, this is the first indication 322 that sigB-and SigB-dependent gene expression could be subject to a gene-dosage effect. 323
To date, no genes have been identified that are regulated by DnaA in C. difficile and direct 324 regulation of genes through the other stress response pathways has not been demonstrated. Putative 325
LexA-regulated genes of C. difficile were identified in silico (61) and some of these (such as the uvr 326 excinuclease and 30S ribosomal protein S3) were differentially expressed in our dataset (Supplemental 327 Table 2 ). Indeed, we find that only part of the transcriptional up-regulation of uvrB as a result of ACX-328 362E exposure could be explained by sigB (Figure 7D) , and LexA-dependent regulation might play a role. 329 Pleiotropic phenotypes have been described for a C. difficile lexA mutant (62) and it is likely that other 330
LexA targets than those identified in silico exist. No mutants of hrcA or ctsR have been described for C. 331 difficile, but transcriptome and proteome analyses have been performed with heat shocked cells (42°C 332 (60), or 41°C (59, 63, 64) ). Similarities between these datasets and ours include genes encoding proline 333 racemase (prdF), chaperones (groEL, groES), thioredoxin systems (trxA, trxB) and Clp-proteases (clpC, 334
Many parameters (such as the medium used, cell density, concentration of antibiotics, and 336 protocol used to arrest transcription between cell harvest and lysis) can influence overall transcription 337 signatures, and can also govern an incomplete overlap between our data and the stress regulons 338 determined by others (53).
Genome location contributes to the transcriptional response to PolC-inhibition 341
Our analysis of differential regulation in relation to genome location revealed a striking pattern of 342 relative up-regulation for oriC-proximal genes, and down-regulation for terC-proximal genes under 343 conditions of PolC inhibition (Figure 4) . Antimicrobials directed at DNA replication in bacteria have a 344 profound negative effect on the processivity of replication forks, though initiation of DNA replication is 345 not or only marginally affected (23, 39). As a consequence, the presence of multiple replication forks 346 simultaneously increases the copy numbers of genes located in close proximity of the origin of 347 replication and such a gene dosage differences can result in functionally relevant transcriptional 348 differences, either directly or indirectly (15). We found an increase of oriC:terC ratio when performing 349 MFA on chromosomal DNA of cells subjected to a sub-inhibitory concentration of ACX-362E (and HPUra, 350 PolC-inhibition can be explained by an indirect gene dosage effect. The positioning of stress-response 366 regulators close to oriC may therefore be a conserved strategy in bacteria to respond to DNA replication 367 insults that is independent of the nature of the regulator. 368
Though it is likely that an increase in gene copy number leads to an increase in transcription of 369 these genes, it is less clear whether this is the case for the observed down-regulation. Most methods of 370 normalization for transcriptome analyses are based on the assumption that there is no overall change in 371 transcription or that the number of transcripts per cells is the same for all conditions and this may not 372 be the case when a global copy number shift occurs (15). Absolute transcript levels for down-regulated 373 genes might therefore be similar under both conditions (but lower relative to oriC-proximal transcripts). 374
It is interesting that certain processes are highly enriched in the list of genes up-regulated under 375 conditions of PolC-inhibition (most notably ribosome function and DNA-related functions), whereas this 376 is less so for the down-regulated genes. This suggests that pathways susceptible to replication 377 dependent gene-dosage effects demonstrate a functional clustering of genes near oriC, whereas 378 clustering of genes from specific pathways in the terC-proximal region is less pronounced. Indeed, most 379 ribosomal gene clusters in C. difficile are located close to the origin of replication (31, 40) and also many 380 genes involved in DNA replication and repair are located in these regions. Consistent with this, 381 positioning of genes involved in transcription and translation close to the origin appears to be under 382 strong selection as such genomes tend to be more stable (66). 383
In conclusion, both direct and indirect effects of gene dosage shifts are likely to contribute to the 384 transcriptional response of C. difficile to replication inhibition. 385
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Materials and Methods 387 388
Bacterial strains and culture conditions 389
Plasmids and bacterial strains used in this study can be found in Bertani (LB) broth supplemented with 20 µg/ml chloramphenicol and 50 µg/ml kanamycin when 393 appropriate. C. difficile strains were cultured in Brain Heart Infusion (BHI) broth (Oxoid) supplemented 394 with 0,5% yeast extract (Sigma-Aldrich), Clostridium difficile Selective Supplement (CDSS, Oxoid) and 395 20µg/ml thiamphenicol when appropriate. C. difficile was grown anaerobically in a Don Whitley VA-1000 396 workstation in an atmosphere of 10% CO2, 10% H2 and 80% N2. Liquid cultures were grown under gentle 397 agitation (120 rpm). 398
399
Agar dilution 400
HPUra and ACX-362E were tested against a collection of C. difficile clinical isolates. 375 clinical isolates 401 have been collected during the ECDIS study (6). All strains were characterized by PCR ribotyping (67) and 402 by PCR to confirm the presence of genes encoding toxins A , B and binary toxin (68-70). Of the 375 403 clinical isolates, we excluded stocks that were found to contain more than one strain and isolates that 404 could not be recultured. Testing was therefore performed on 363 isolates (Supplemental Table 1 Table  452 5. For each biological replicate, three technical replicates were performed. Amplification efficiency was 453 determined using standard curves obtained from DNA late stationary phase cells of strain 630Δerm, for 454 which an oriC:terC ratio of 1 was assumed. RT-PCR results from antibiotic treated cells were normalized 455 to the oriC:terC ratio of DNA samples (3 biological replicates) from non-treated cells. Calculations were 456 performed in Microsoft Office Excel 2010, plotted using Prism 7 (GraphPad) and prepared for For RNA-Seq analysis, C. difficile 630Δerm (30, 31) was grown for 5h in BHI medium with HPUra (35 462 ug/mL) or ACX-362E (4 µg/mL) starting from an OD600 of 0.05 using an exponentially growing starter 463 culture, after which cells (3mL) were harvested for RNA isolation. These concentrations were some of 464 the highest concentrations that resulted in a modest effects on growth (<30% reduction of growth 465 
Analysis of RNA-Seq data 487
Analysis of the data was performed using T-REx, a user-friendly webserver which has been optimized for 488 the analysis of prokaryotic RNAseq-derived expression data (73). The pipeline requires raw RNA 489 expression level data as an input for RNA-Seq data analysis. For data normalisation and determination of 490 the genes, the factorial design statistical method of the RNA-Seq analysis R-package EdgeR is 491 implemented in the T-Rex pipeline. Some samples displayed incomplete rRNA depletion and rRNA 492 mapping reads had to be removed manually prior to analysis. 493
To analyse the genome-wide pattern in differential gene expression a sliding window analysis 494 was performed essentially as described (23). In short, genome locations (start of the locus tag) were 495 coupled to the locus tags in the T-Rex output. Next, the median log(FC) was calculated for bins of 51 loci 496 with a stepsize of 1. For each bin of [X1, X2…X51] the median absolute deviation of the median 497 (MAD=median(|Xi-median(X)|) was calculated as an robust indication of the distribution around 498 calculated median values. Calculations were performed and three curves (median, median-MAD and 499 median+MAD) were plotted in Microsoft Office Excel 2010 and the graph was prepared for publication 500 using Adobe Photoshop CC and Corel Draw Suite X8. 501 A GSEA analysis (33) was performed via the Genome2D webserver (73), using our reference 502 genome sequence for C. difficile 630Δerm, Genbank identifier LN614756.1 (listed in Genome2D as 503 "Clostridioides_difficile_630Derm")(31). As input a single list of locus tags was used of either up-or 504 down regulated genes. The output was copied to Microsoft Excel 2010. The single_list column was split, 505
Van Eijk, Boekhoud et al 23 and a column was inserted to calculate the significance of the overrepresentation using the formula "(# 506 hits in list/ClassSize)*-log(p-value; 2)" to allow for sorting of the output of the GSEA analysis by 507 significance. 508
Data for the RNA-Seq experiment has been deposited in the Gene Expression Omnibus (GEO) 509 database (74), accession number GSE116503. 510 511
General molecular biological techniques 512
E. coli strain DH5α was used for maintenance of all plasmids. All plasmid transformations into E. coli 513 were performed using standard procedures (75). E. coli CA434 was used as a donor for conjugation of 514 plasmids into the recipient C. difficile (76). Conjugation was performed as previously described (76). 515
Briefly, 1 mL of an overnight culture of donor cells was mixed with 200 µl of the recipient and spotted 516 onto anaerobic BHI agar plates and incubated for 5-8 hours. After incubation cells were collected and 517 tenfold serial dilutions were plated onto fresh BHI plates containing thiamphenicol and CDSS. 518
Plasmid DNA was isolated using the Nucleospin Plasmid (Macherey-Nagel) mini prep kits per 519 manufacturer's instructions. C. difficile genomic DNA was isolated using the DNeasy Blood and Tissue kit 520 (Qiagen) with pre-treatment for gram-positives according to instructions of the manufacturer. 521 522
Construction of luciferase-reporter fusion plasmids 523
All PCR reactions for plasmid construction were carried out with Q5 polymerase (New England Biolabs). 524
Putative promoter regions were amplified using C. difficile 630Δerm chromosomal DNA (31) as a 525 template. 526
The PCD3412 luciferase reporter plasmid was created by restriction-ligation using the restriction 527 enzymes KpnI and SacI. PCD3412 was amplified using primers oIB-26 and oIB-27 ( Table 5 ). The resulting 528 dsDNA fragment was digested and ligated into KpnI-SacI digested pAP24 (44), yielding plasmid pIB27. 529
Van Eijk, Boekhoud et al 24 Plamids pIB68 (PCD0350), pIB69 (PCD2963), pIB74 (PCD3614) and pPH28 (PCD0007) were constructed using a 530
Gibson assembly (77). The plasmid backbone of pAP24 was linearized by PCR using primers oWKS-531 1580/oWKS-1582, and the predicted promoter areas of CD0350, CD2963 and CD3614 were amplified 532 with primers oIB-80/oIB-94, oIB-82/oIB-95, oIB-92/oIB-100 and oPH-19/oPH-20, respectively. Primers 533 were designed using the NEBuilder assembly tool v.1.12.17 (New England Biolabs) using a 30 bp overlap. 534
For the assembly, 100 ng of vector DNA was assembled to a five-fold molar excess of the PCR fragment 535 of the desired promoter using a homemade Gibson Assembly Master Mix at 50 o C for 30 minutes (final 536 concentration: 4 U/µl Taq Ligase (Westburg), 0.004 U/µl T5 exonuclease (New England Biolabs), 0.025 537 U/µl Phusion polymerase (Bioké), 5% polyethyleneglycol (PEG-8000),10 mM MgCl2, 100 mM Tris-Cl 538 pH=7.5, 10 mM dithiothreitol, 0.2 mM dATP, 0.2 mM dTTP, 0.2 mM dCTP, 0.2 mM dGTP, and 1 mM β-539 nicotinamide adenine dinucleotide) and transformed into E. coli DH5α. Transformants were screened by 540 colony PCR using primers oWKS-1240 and oWKS-1241. Transformants yielding PCR fragments of the 541 correct size were verified by Sanger sequencing. 542 543
Construction of C. difficile IB56 (ΔsigB) 544
The up-and downstream regions (both 950 bp each) of the sigB coding sequence were amplified with 545 primers oIB-44/oIB-45, and oIB-46/oIB-47, respectively. Vector pMTL-SC7315 (43) was linearized by PCR 546 using primers oWKS-1537/oWKS-1538. Assembly was done according to the method of Gibson (44, 77) . 547
The assembled plasmid was transformed into E. coli DH5α and verified using PCR and Sanger 548 sequencing. Generation of the unmarked sigB deletion mutant was performed using Allele-Coupled 549
Exchange essentially as described (43, 78) . Briefly, pIB54 was introduced into C. difficile 630Δerm (31) by 550 conjugation. Transconjugants were grown for two days on BHI agar plates supplemented with yeast 551 extract, thiamphenicol and CDSS, struck onto fresh pre-reduced plates and incubated anaerobically at 552 37°C for two days. Single-crossover integration was confirmed using PCR, and those clones were plated 553
Van Eijk, Boekhoud et al 25 onto non-selective BHI agar plates to allow the second-crossover event to occur. Colonies were then 554 serially diluted and plated onto minimal agar supplemented with 50 µg/ml 5-fluorocytosine (Sigma) as 555 described (43). DNA was isolated from thiamphenicol-susceptible colonies and the chromosomal 556 deletion was verified by PCR using primers oIB-78/oIB-79 (Supplemental Figure 3) as well as Sanger 557 sequencing of the PCR product using primers oIB-53/oIB-76/oIB-78. 558 559
Luciferase reporter assay 560
Strains containing luciferase reporter plasmids were inoculated to an OD600=0.05 from an exponentially 561 growing starter culture. Fresh inoculums were grown in BHI broth supplemented with yeast extract, 562
with or without 4 µg/ml ACX-362E for 5 (for putative sigB target genes) or 5.5 (sigB promoter) hours. 563
The supernatants from 1mL of culture (harvested by centrifugation for 10 min, 4°C, 8000 rpm) were 564 analyzed in a GloMax®-Multi Microplate Multimode Reader (Promega) as described before (44 
